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Introduction

39
Bacteria belonging to the genus Helicobacter are now recognized as a common inhabitant of 40 the hepatobiliary and gastrointestinal tract of mammals. These gram-negative enterohepatic 41 bacteria have become a subject of intense research because of their association with 42 gastrointestinal diseases (Fox, 2002; Kobayashi et al., 2005; Pellicano et al., 2008) .
43
Helicobacter species have been isolated and identified from the gastrointestinal tract of humans, 44 dogs, cats, ferrets, pigs, cattle, monkeys, dolphins, seals and cheetahs; and are associated with 45 variable degrees of pathology in their respective hosts (Whary & Fox, 2004) . In humans, H. 46 pylori causes peptic ulcers and because of its association with gastric adenocarcinoma is 47 classified a Class I carcinogen by WHO (Fox & Wang, 2007) . In recent years enterohepatic 48 Helicobacter spp. have also been isolated from wild and laboratory rodents (Comunian et al., 
52
Epidemiologic and experimental studies have suggested a connection between Helicobacter 53 spp. infection and cholesterol cholelithiasis, cholecytitis, and gallbladder cancer (Fox et al., 54 1998; Maurer et al., 2005) . Prairie dogs are used to study gallstones etiology and prevention 55 (Davis et al., 2003; Li et al., 1994; Narins et al., 2005; Strichartz et al., 1989) and electrogenic 56 bicarbonate secretion in the gallbladder (Moser et al., 2007) . denaturation at 96°C for 10 s and annealing and extension at 60°C for 4 min. Sequencing 139 reactions were run on an ABI 3100 DNA instrument. Sequence data were entered into RNA, a 140 program set for data entry, editing, sequence alignment, secondary structure comparison, 141 similarity matrix generation, and dendrogram construction for 16S rRNA (Dewhirst et al., 1999) .
142
Our database contains over 1000 sequences obtained in our laboratory and over 500 retrieved 143 from GenBank for 16S rRNA. Dendrograms were constructed by the neighbor-joining method 144 (Saitou & Nei, 1987) .
146
Histopathology. Select specimens of liver from 5 prairie dogs were shipped to MIT in vials 147 containing neutral-buffered 10% formalin; tissues were processed by standard histologic 148 methods, embedded in paraffin, and 5 µm sections were stained with hematoxylin and eosin 149 and evaluated by a comparative pathologist.
151
RESULTS
153
Microaerobic culture and biochemical characterization of H. marmotae, novel 154 Helicobacter spp. and Campylobacter spp.
155
After incubation under microaerobic conditions, bacterial growth was visible as a thin, 156 spreading film. Helicobacter spp. were confirmed using catalase, oxidase, and urease activity as 157 well as cell morphology, lack of growth aerobically, and PCR using Helicobacter species specific 158 PCR. Helicobacter was isolated from the feces or cecal tissue of 5 of 34 prairie dogs, and from 159 the liver of one animal. In the 13 prairie dogs in which tissue samples from both the liver and (Table 1) .
169
Despite culturing all specimens of 34 prairie dogs for Campylobacter spp., a pure culture of a 170 novel Campylobacter species was isolated from only three animals; from the cecum of two 171 animals and from the liver of a third. The bacteria were gram negative and grew under 172 microaerobic conditions at 42˚C, but not at 37˚C. All isolates were oxidase and catalase positive 173 but urease negative. The bacteria did hydrolyze indoxyl acetate but not alkaline phosphatase 174 and did not reduce nitrate to nitrite. The isolates did not have γ-glutamyl transpeptidase activity.
175
They did not grow in 1% glycine and were resistant to cephalothin but sensitive to nalidixic acid 176 ( 
210
The three prairie dog campylobacters formed a single identifiable cluster ( Fig. 3 ). They 
267
In this study, H. marmotae was isolated from ceca of two prairie dogs and was identified by 
278
Five out of 12 helicobacter positive prairie dogs were coinfected with Campylobacter spp.
279
Three of the Campylobacter strains whose 16S rRNA were sequenced are considered a novel 280 species, related to C. cuniculorum and C. helveticus. This finding of coinfection is not surprising 281 given that enteric helicobacters are often found in hosts co infected with Campylobacter spp.
282
For example, 64 of 227 commercially reared cats had microaerobic bacteria isolated from their 283 feces and were initially identified as Campylobacter-like organisms based on biochemical and 284 phenotypic characteristics (Shen et al., 2001) . DNA extractions were subjected to PCR using 
304
Recently we have reported that H. marmotae can successfully colonize mice and cause 
